RECENT STUDIES have revealed that enflurane (Ethrane| or 1,12-trifluoro-2-ehlorethyl difluoromethyl ether is a potent anaesthetic in both animals and man. 1,~,3 Dobkin and his associates have reported that circulatory dynamics and cardiac rhythm remain relatively stable during enflurane anaesthesia in man, 1 but their findings are complicated by preanaesthetic medication, induction agents, muscle relaxants, surgical trauma, controlled respiration, and respiratory alkalosis. Accordingly, the present study was designed to obtain information on the haemodynamic effects of enflurane in man at constant carbon dioxide tension.
Cardiac output was determined by means of the dye-dilution technique, using eardio-green. 4 The area under the curve was integrated simultaneously by online analog computer (Sanborn 130). Methods of calculating stroke volume index, total peripheral resistance and left ventricular work per rain. have been described elsewhere. 4 Ventilation was then controlled by mask using the Bennett Anaesthesia Ventilator set at tidal volume and frequency obtained the preceding day.
Following a normocapnic period of thirty minutes, the control measurements of haemodynamics were made in duplicate. Anaesthesia was then induced with enflurane in nitrous oxide and oxygen (50:50 vol.%) by mask, using a nonrebreathing system. When depth of anaesthesia had become adequate, the trachea was intubated with a cuffed tracheal tube without the use of muscle relaxants. Following intubation, nitrous oxide was discontinued and ventilation was controlled with 100 per cent oxygen. To insure normocapnoea, continuous end-tidal carbon dioxide concentration was monitored through an infrared Liston-Becker CO2 analyzer connected to a #10 suction catheter placed near the carina. The catheter was also used to sample gas for end-tidal enflurane concentration measurement. A constant inspired concentration of anaesthetic (5 vol.%) was delivered. Arterial blood was sampled periodically for PaCO._,, PaO2, and pH by methods previously described. 5 Arterial blood and end-tidal enflurane concentrations were determined by gas chromatography. Haemodynamic parameters were measured every 30 minutes. Anaesthesia was then discontinued and a last measurement made after recovery from anaesthesia.
RESULTS
Following 90 minutes of anaesthesia, mean values of end-tidal and arterial blood enfiurane concentrations were 2.29 vol.% (ranging from 1.81 to 3.2) and 23.6 mg per 100 ml (ranging from 19.5 to 32.7) respectively.
Mean values of systolic, diastolic, mean arterial, and pulse pressure decreased significantly during anaesthesia (Table I and Figure 1 : P < 0.01), but did not differ significantly fi'om control wdues following recovery fi'om anaesthesia (Table I) .
Heart rate before and during anaesthesia, and following recovery, were 65.3 + 3.7, 86.6 -5.1 and 83.6 -+ 4.8 beats/min, respectively. The average increase in heart rate during anaesthesia was 21.3 beats/rain (Table I and Figure 2 : P < 0.01), and was observed in all subjects (R = 0.76).
Stroke volume fell from an average control value of 80.7 +-3.2 ml per beat to 64.36 -+ 8.8 ml per beat (P > 0.4) during anaesthesia ( Figure 3 ). Left ventricular work fell fi'om 64.2 --+ 7.5 kg M/rain to 44.9 -7.8 (P > 0.2) (Figure 3 ). These changes were not statistically significant.
Calculated total peripheral resistance fell during anaesthesia from a control value of 1.46 -+ 0.09 to 1.013 -+ 0.15 dyne sec/cm (P < 0.02) ( Figure 4 ).
The average value for cardiac index during control and during anaesthesia was 2.80 -+ 0.21 L/min per M z and 3.21 -+ 0.56 (P > 0.3) respectively. Changes in both cardiac output and cardiac index during anaesthesia were statistically not significant ( Figure 4 and Table I ).
In six out of ten subjects, right ventricular and end-diastolic pressure was measured; the mean value was 4.09 -2.5 mm Hg during the control period and 5.37 -+ 1.7 (P > 0.5) during enflurane anaesthesia.
Kidney function, as measured by BUN and creatinine, showed no change from control values 48 hours after the study. Electrolytes and urine analysis showed no variation from control values. Serum bilirubin measured in eight subjects remained unchanged.
The enzymes SGOT, SGPT and LDH were normal 24 hours after the study in all but two subjects. One subject had a history of chronic alcoholism, and the values of liver enzymes were SGOT 190, SGPT 145 and LDH 168 following the study, as compared to 35, 30 and 135 respectively before. Another subject, who convulsed during anaesthesia showed values before arid after study of 90, 175, 199 and 120, 275, 135 respectively. Haematocrit, haemoglobin and white bloodcell count showed no significant variations from control values. 
DISCUSSION
The singular finding of the present study is the increase in heart rate in all volunteers during enflurane anaesthesia. This finding differs from previous reports. 1,2
The significant lowering of mean arterial pressure (P < 0.01) during anaesthesia appears to be related to a decrease in total peripheral resistance and the chronotropic effect could then explain the stability of cardiac output.
SU~X~MARY
The circulatory effects of enflurane were studied in ten unmedicated normocarbic volunteers during anaesthesia over a period of 90 minutes or more. Cardiac output did not change significantly during anaesthesia at a mean alveolar anaesthetic concentration of 2.3 volumes per cent and ranging from 1.8 to 3.2. Systolic, diastolic and mean arterial pressures decreased significantly, as did total peripheral resistance. The heart rate increased in all cases. Cardiac output was maintained primarily by an increased heart rate, which compensated for the decreased total peripheral resistance. At recovery, all haemodynamic parameters except heart rate returned to control levels. Minimal change in cardiac output during enflurane anaesthesia in man may be related to the combination of decreased mean arterial pressure and increased heart rate.
R~SUM~.
Les effets circulatoires de l'enflurane (Ethrane| ont 6t6 6tudi6s chez dix volontaires normocarbiques non pr6m6diqu6s. Le debit cardiaque n'a pas chang6 de fagon significative durant ranesth6sie h concentration alv6olaire de 2.3 vol. pour cent (1.8 ~t 3.2). Les pressions art~rielles systolique, diastolique et moyenne ont diminu6 ~ un taux significatif. La fr6quence cardiaque augment dans tous les cas, et ceci proportionnellement ~ la profondeur de l'anesth6sie (r = 0.76). La stabilit6 du d6bit cardiaque durant ranesth6sie h renflurane chez l'homme est due au fait que la baisse de pression art6rielle est compens6e par l'augmentation de la fr~quence cardiaque.
